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LEGGED MOBILE ROBOT AND ITS MOTION 
TEACHING METHOD, AND STORAGE MEDIUM 

TECHNICAL FIELD 

[0001] The present invention relates to a legged moving 
robot having joints With plural degrees of freedom, a method 
of teaching motions in the robot, and a storage medium 
product. More particularly, the present invention relates to a 
legged moving robot Which learns a motion pattern in the 
form of time-serial data using a recurrent neural netWork, a 
method of teaching motions in the robot, and a storage 
medium product. 

BACKGROUND ART 

[0002] A mechanical machine capable of performing 
motions in imitation of human actions based on electrical or 
magnetic Working is generally called a “robot”. It is said that 
the Word “robot” is derived from Slavic “ROBOTA (slave 
machine)”. In Japan, the use of robots has begun to spread 
from the end of the 1960s. HoWever, many of robots have 
been industrial robots, such as manipulators and transport 
robots, intended for automation and unattended operation of 
production Works in factories. 

[0003] A stationary robot that is ?xedly installed in a 
certain speci?c place When used, such as an arm robot, acts 
only in a stationary and local Working space for, e.g., parts 
assembly or selection Works. On the other hand, a moving 
robot has no limitation on Working space, and can freely 
move along predetermined routes or undecided routes to 
perform predetermined or arbitrary human Works instead of 
Workers, and to provide a Wide variety of services by 
behaving like a human being, a dog or any other living body. 
In particular, comparing With conventional craWler or tire 
type robots, a legged moving robot is more instable and has 
a more dif?culty in posture control and Walking control, but 
the legged moving robot is superior in that it is able not only 
to realiZe ?exible Walking and running actions regardless of 
Whether the ground is even or uneven, such as climbing up 
and doWn stairs or a ladder and riding over an obstacle, but 
also to coexist in complicated human living spaces. 

[0004] Recently, research and development regarding 
legged moving robots, such as a pet robot imitating body 
mechanisms and actions of a four-legged animal, e.g., a dog 
or a cat, and a humanoid robot being “human-like” or “of 
human type” and designed based on, as a model, body 
mechanisms and actions of a tWo-legged upright Walking 
animal, e.g., a human being, have progressed and an expec 
tation on the actual use of those legged moving robots has 
increased. For example, Sony Corporation publiciZed a 
tWo-legged Walking humanoid robot “SDR-3X” on Nov. 25, 
2000. 

[0005] Implanting predetermined actions in a robot is 
called “teaching”. Action teaching is performed, for 
example, by a method in Which an operator or a user teaches 
actions in the Worksite While holding the robot by hands and 
feet, or a method in Which action patterns are inputted, 
created and edited on an editor, such as a computer, provided 
externally of the robot. 

[0006] In conventional robots, hoWever, an operator has 
been required to understand and learn the operating envi 
ronment of each robot to a considerable extent for teaching 
actions in the robot, and a large burden has been imposed on 
Work of the operator. 
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[0007] Also, in conventional methods for teaching and 
learning actions in and by robots, it has been general to 
folloW a process of installing motion data in the robot 
beforehand, and reproducing actions corresponding to the 
motion data depending on external situations. With such a 
teaching and learning method, kinematic matching and 
dynamic matching can be satis?ed When reproducing the 
robot actions, but there occur problems in that a neW action 
is dif?cult to create and unexpected situations cannot be 
coped With. Further, since motions to be given to a robot are 
produced of?ine, it is not alWays ensured that the motions 
having been given to the robot beforehand are optimum for 
the shape and the current Working environment of the robot. 

[0008] When causing a humanoid robot to perform 
motions like a human being, there is knoWn a teaching 
method in Which robot motion control is performed using 
motion patterns obtained With the aid of a motion teaching 
device such as a motion capture. With the motion capture, 
skeleton actions for realiZing motion patterns to be taught 
can be obtained by capturing measurement points attached 
to various positions over the Whole body of a human being 
(operator) With a camera, and tracking respective move 
ments of the measurement points. 

[0009] In the case attempting to act a robot in imitation of 
various human motions, hoWever, all of motion patterns 
corresponding to those human motions must be stored. 

[0010] Also, it is uncertain that the motion patterns 
obtained With the aid of a motion teaching device, such as 
a motion capture, can be directly applied to a robot. For 
example, because physical characteristics, such as Weight 
balance of the Whole body, differ betWeen the operator and 
a machine body of the robot, kinematic matching and 
dynamic matching, e.g., ZMP stability determining criteria, 
are not alWays satis?ed and some of taught motions cannot 
be reproduced When the captured motion patterns are 
directly applied to the robot. 

[0011] MeanWhile, a neural netWork has been recently 
utiliZed in several examples of robot control. 

[0012] The term “neural netWork” means a simpli?ed 
model of the neural netWork in the human brain and is a 
netWork in Which nerve cells, i.e., neurons, are intercon 
nected through synapses alloWing signals to pass only in one 
direction. Signal transmission betWeen neurons is performed 
through synapses, and various kinds of information process 
ing can be realiZed by properly adjusting resistance of each 
synapse, i.e., a Weight applied from each synapse. Speci? 
cally, each neuron receives outputs from other one or more 
neurons after being Weighted by respective synapses, modi 
?es the total sum of input values in accordance With a 
nonlinear response function, and outputs the modi?ed result 
to another neuron. 

[0013] Control utiliZing a neural netWork is directly adapt 
able for a nonlinear problem such as represented by friction 
and viscosity, and eliminates the need of changing parameter 
settings because the control includes the learning function. 

[0014] For example, the speci?cations of Japanese Patent 
Application Nos. 2000-251483 and 2000-273805, Which 
Were already assigned to the applicant of this application, 
disclose the learning function utiliZing a neural netWork in 
an autonomous moving robot. 
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[0015] Of those speci?cations, Japanese Patent Applica 
tion No. 2000-251483 discloses a robot including perception 
sensors, such as a camera, and a recurrent neural netWork as 
a learning mechanism. This disclosed robot can move an 
external movable object by its oWn controllable part, percept 
the environment in Which the object is placed and move 
ments of the object using the perception sensors, and learn 
correlation betWeen manners of moving respective joints of 
the robot and movements of the object. Also, the robot can 
predict movements of the object and learn by itself motions 
for moving the object based on novelty reWarding. 

[0016] Japanese Patent Application No. 2000-273805 dis 
closes a robot capable of learning time-serial events based 
on a recurrent neural netWork. This disclosed robot can learn 
correspondence betWeen music and pose to be taken by the 
robot by employing, as teaching signals, music information 
and time-serial joint angle parameters. After the learning, the 
robot can predict a next robot pose from the preceding robot 
pose and the music information perceived by the auditory 
sense, and can perform a dance in match With the music. 
Further, for a piece of music that is not yet taught, the robot 
can perform a dance by combining dances, Which are 
contained in the music taught so far and are closer to the 
piece of music, from the pieces of music having been 
already taught and the experiences of dances performed so 
far. 

[0017] HoWever, there are feW examples in Which a neural 
netWork is applied to the case Where motions are taught in 
a robot using a motion capture. 

DISCLOSURE OF THE INVENTION 

[0018] An object of the present invention is to provide a 
superior legged moving robot, Which can satisfactorily learn 
motion patterns in the form of time-serial data using a 
recurrent neural netWork, a method of teaching motions in 
the robot, and a storage medium product. 

[0019] In vieW of the above-mentioned problems in the 
art, according to a ?rst aspect of the present invention, there 
is provided a legged moving robot including drive units With 
plural degrees of freedom of joints, the robot comprising: 

[0020] a motion pattern input unit for inputting a 
motion pattern from the exterior; 

[0021] a plurality of determining units for previously 
storing local feasible motion patterns regarding 
respective degrees of freedom of joints, and each 
determining agreement betWeen a motion pattern 
inputted from the motion pattern input unit and the 
stored motion pattern; 

[0022] a gate unit for gating a determination result in 
each of the determining units; 

[0023] a merging unit for merging outputs from the 
gate unit and producing an overall motion pattern for 
a machine body of the legged moving robot; and 

[0024] a taught motion pattern realiZing unit for 
storing a totaliZed result in the merging unit as taught 
motion pattern data, and/or reproducing the result on 
the machine body of the legged moving robot. 

[0025] In the legged moving robot according to the ?rst 
aspect of the present invention, the determining units and the 
gate unit are each constituted as a recurrent neural netWork. 
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[0026] Each of the determining units is constituted as a 
recurrent neural netWork comprising an input layer consti 
tuted as a unit group to Which input data is inputted, an 
output layer constituted as a unit group Which outputs a 
netWork output, and an intermediate layer constituted as a 
unit group other than the aforementioned unit groups. The 
input layer is made up of an input unit to Which a local 
time-serial motion pattern for the machine body of the 
legged moving robot is inputted, and a context unit. The 
intermediate layer is constituted as a hidden unit. The output 
layer is made up of an output unit Which outputs a prediction 
of the local time-serial motion pattern, and a context unit. A 
part of the output from the output layer is fed back to the 
context unit of the input layer via a context loop, Whereby 
the determining unit can perform learning of the time-serial 
motion pattern. 

[0027] Further, the gate unit is constituted as a recurrent 
neural netWork comprising an input layer constituted as a 
unit group to Which input data is inputted, an output layer 
constituted as a unit group Which outputs a netWork output, 
and an intermediate layer constituted as a unit group other 
than the aforementioned unit groups. The input layer is made 
up of an input unit to Which a gate serving as a Weight 
applied to the determining unit is inputted, and a context 
unit. The intermediate layer is constituted as a hidden unit. 
The output layer is made up of an output unit Which outputs 
a gate serving as a Weight applied to the determining unit, 
and a context unit. Apart of the output from the output layer 
is fed back to the context unit of the input layer via a context 
loop, Whereby the gate can perform learning of the time 
serial gate. 

[0028] In the legged moving robot according to the ?rst 
aspect of the present invention, a hierarchical recurrent 
neural netWork is constructed such that the gate unit is 
positioned at an upper level and the determining units are 
positioned at a loWer level. Alocal motion pattern is handled 
by each determining unit; namely, a motion pattern is 
handled While it is automatically time-serially segmented. 
Then, based on gate outputs from the gate unit, the merging 
unit produces an overall motion pattern for the entire 
machine body of the legged moving robot. 

[0029] The determining units previously store feasible 
motion patterns regarding respective degrees of freedom of 
joints, and each of the determining units determines agree 
ment betWeen a motion pattern inputted from the motion 
pattern input unit and the stored motion pattern. In other 
Words, each determining unit is able to experientially deter 
mine Whether a motion pattern taught through the motion 
pattern input unit is feasible (i.e., Whether kinematic match 
ing and dynamic matching in the machine body is satis?ed). 

[0030] Then, the merging unit is able to produce an overall 
motion pattern by merging determination results of the 
determining units together based on respective gate outputs 
from the gate unit and combining the local motion patterns 
for Which feasibility is ensured. For such an overall motion 
pattern, kinematic matching and dynamic matching are 
ensured in the entire machine body of the legged moving 
robot. 

[0031] With the legged moving robot according to the ?rst 
aspect of the present invention, therefore, a motion pattern 
provided through human teaching Work is automatically 
time-serially segmented With the hierarchical recurrent neu 




















